Background: Venous thromboembolism (VTE) is a common and potentially lethal disorder that manifests mainly as deep vein thrombosis (DVT) of the extremities or pulmonary embolism (PE) and occurs as a consequence of genetic and environmental risk factors. We aimed to assess the role of inherited thrombophilia as a causative or additive factor in the development of VTE. Methods: The study included 310 patients (female: 154; mean age: 52.3 + 16.9 years) with a first episode of VTE and 289 ageand sex-matched healthy controls. All participants underwent screening for thrombophilia-associated polymorphisms including factor V Leiden (FVL), prothrombin G20210A (PTG), factor V H1299 R (factor V HR2), factor XIII V34 L, b-fibrinogen-455 G>A, plasminogen activator inhibitor-1 4G/5G, human platelet antigen-1 a/b, methylene tetrahydrofolate reductase (MTHFR) C677 T, MTHFR A1298C, angiotensin-converting enzyme I/D, apolipoprotein B R3500Q, and apolipoprotein E (Apo E). In addition, serum homocysteine (Hcy) levels were measured. Results: In the patient group, 247 (80%) had isolated DVT, 43 (14%) had DVT plus PE, and 20 (6%) had isolated PE. The mean Hcy levels were similar in VTE subgroups and controls. Compared to controls, patients with isolated DVT, DVT plus PE, and isolated PE showed significantly higher frequencies for the following-heterozygous FVL mutation, isolated DVT (28.3%), DVT plus PE (44.2%), isolated PE (50%), controls (8.3%; P < .001); heterozygous PTG mutation, isolated DVT (11.3%), DVT plus PE (20.9%), isolated PE (25%), controls (5.9%; P < .01); Apo E 2/4, isolated DVT (9.7%), DVT plus PE (9.3%), isolated PE (5%), controls (1%; P < .01).The MTHFR A1298C mutation showed a significantly higher frequency in isolated patients with PE than in those with isolated DVT (P ¼ .006) and in controls (P ¼ .008). The frequencies of other genetic mutations or polymorphisms showed similar frequencies in all comparisons. In logistic regression analysis, heterozygous FVL mutation was the only independent predictor of VTE (odds ratio: 3.9, 95% confidence interval: 1.3-11.2; P ¼ .012). Conclusion: Except than FVL, PTG, and Apo E 2/4 mutations, many of aforementioned thrombophilic factors known to be associated with VTE did not demonstrate any relationship with VTE. Heterozygous mutation of FVL was an independent predictor for VTE.
Introduction
Pulmonary embolism (PE) and deep vein thrombosis (DVT) are considered to be diverse manifestations of the same disease termed venous thromboembolism (VTE). It is the third most frequent cardiovascular disease. One-third of VTE-related deaths resulted from sudden fatal PE, and undiagnosed PE was found to be the cause of VTE-related deaths in 59% of cases. 1 Although available data about the prevalence of inherited thrombophilia in patients with VTE are controversial, it is detectable in at least 30% to 40% of these patients. 1, 2 Factor V Leiden (FVL) is the most common and wellstudied genetic cause of VTE, followed by the prothrombin G20210A (PTG) gene mutation and deficiencies in protein S, protein C, and antithrombin. Some other mutations and polymorphisms have also been proposed as genetically determined procoagulant risk factors for VTE.
In this single-center study aiming to compare a large series of patients with VTE to healthy controls, we examined 12 mutations or polymorphisms and serum homocysteine (Hcy) levels, which were previously reported to be associated with thrombophilia and diverse presentations of VTE.
Methods
This case-control tertiary single-center study included 310 patients (female ¼ 154; age: 52.3 + 16.9 years) with a first episode of VTE (DVT and/or PE) and 289 sex-and agematched healthy controls (female ¼ 126; age: 49.7 + 14.7 years) without any cardiovascular disease or VTE events. Based on history, VTE is considered to be ''provoked'' or ''unprovoked'' in the presence or absence of a temporary or reversible predisposing risk factor (eg, surgery, trauma, immobilization, pregnancy, oral contraceptive use, or hormone replacement therapy) within the last 6 weeks to 3 months before diagnosis, respectively. 1 The diagnosis of DVT was based on the findings of compression ultrasonography. 6, 7 Diagnosis of definite PE was objectively confirmed by 64-slice multidetector computed tomographic pulmonary angiography according to the current guidelines for PE. 1 All patients with PE at presentation underwent an ultrasonographic study of the lower limbs and abdomen for DVT within 7 days. All patients were screened for the presence of any occult malignancy. Screening data were obtained after 6 months to 1 year following the acute VTE episode, at least 1 month after discontinuation of vitamin K antagonists, provided that there had been no severe inflammatory disorders for at least 6 months.
Screening for Thrombophilia
The study protocol was approved by the Institutional Ethics Committee, and a written informed consent was obtained from all patients and controls. All patients and controls underwent laboratory screening for thrombophilia-associated polymorphisms including FVL, PTG, factor V H1299 R (factor V HR2), factor XIII V34 L, b-fibrinogen-455 G>A, plasminogen activator inhibitor-1 (PAI-1) 4G/5G, human platelet antigen-1 a/b, methylene tetrahydrofolate reductase (MTHFR) C677 T, MTHFR A1298C, angiotensinconverting enzyme (ACE) I/D, apolipoprotein B R3500Q (Apo B), and apolipoprotein E (Apo E). In addition, fasting serum Hcy levels were measured. Laboratory screening and Hcy measurements were performed according to the methods previously reported (Table 1) . 8, 9 Statistical Analysis Data were processed using the SPSS version 16.0 package (Statistical Package for Social Sciences Inc, Chicago, Illinois) and were expressed as number, mean, standard deviation, minimum and maximum for continuous variables, and number and percent for categorical variables, respectively.
When continuous variables did not show a normal distribution, the Mann-Whitney U test was used. Categorical variables were analyzed using the Pearson w 2 and Fisher tests. A logistic regression analysis model was used to describe the association between VTE and thrombophilic risk factors. Odds ratios (ORs) were given with their 95% confidence intervals (CIs). All probability values were 2-tailed, and a P value of less than .05 was considered statistically significant.
Results
The clinical characteristics of the patients are summarized in Table 2 , with anatomical locations of venous thrombi. The patient and control groups were similar in terms of age and gender (P > .05).
Of 310 patients, 247 (80%) had isolated DVT, 43 (14%) had DVT plus PE, and 20 (6%) had isolated PE (Figure 1 ). Isolated proximal thrombosis (in any iliac, femoral, or popliteal vein or in all 3 veins), isolated distal thrombosis (below the popliteal Table 3 . The mean Hcy levels were similar in VTE subgroups and controls (16.1 + 9.1 vs 15.6 + 5.4 mol/L; P ¼ .36). The Hcy levels also showed a similar distribution in patients with isolated DVT, DVT plus PE, and isolated PE (P ¼ NS).
Heterozygous FVL mutations were significantly more frequent in patients with isolated DVT (28.3%), DVT plus PE (44.2%), and isolated PE (50%) as compared to controls (8.3%; P < .001). The incidence of heterozygous FVL mutations was higher in patients with distal plus proximal DVT than in those with proximal DVT (41 [41.3%] vs 15 [26.4%]; P ¼ .01). Pulmonary embolism patients with or without DVT showed no homozygous FVL mutations. The frequency of the factor V HR2 haplotype, which is a set of 6 closely linked polymorphisms within the factor V gene, did not differ significantly in all comparisons (P ¼ NS; Figure 2 ).
The frequencies of heterozygous PTG mutations were significantly higher in patients with isolated DVT (11.3%), DVT plus PE (20.9%), and isolated PE (25%) as compared to controls (5.9%; P < .01). The frequencies of heterozygous PTG mutations were similar in the VTE subgroups (P ¼ NS). Patients with VTE had a significantly higher frequency of double heterozygosity for FVL and PTG mutations as compared to controls (4.2% vs 0.3%; P ¼ .0001).
Compared to controls (1%), patients with VTE also showed significantly higher rates for Apo E 2/4 mutation, with 9.7% for isolated DVT, 9.3% for DVT plus PE, and 5% for isolated PE (P ¼ 008).
The MTHFR A1298C mutation (thermoresistant variant) showed a significantly higher frequency in isolated patients with PE than in those with isolated DVT (P ¼ .006) and in controls (P ¼ .008). All the remaining genetic parameters showed similar frequencies in all comparisons (Table 3) .
In logistic regression analysis, homozygous PTG, Apo E2/2, and Apo E4/4 were excluded because of the small numbers of cases. Multivariate analysis showed that heterozygous FVL mutation was the only independent predictor of VTE (OR ¼ 3.9; 95% CI: 1.3-11.2; P ¼ .012; Table 4 ).
Discussion
Our single-center study is the first in which 12 genetic mutations or polymorphisms and serum Hcy levels were evaluated in a large series of patients with diverse clinical presentations of VTE and in healthy controls. Age and gender did not show any significant association with VTE. In our case-control analysis, we found that many of the thrombophilic factors that are likely to be associated with VTE did not demonstrate any relationship with VTE. Heterozygous FVL, PTG, and Apo E2/4 mutations were significantly associated with VTE. Moreover, MTHFR A1298C (thermostable variant) was significantly more frequent in isolated patients with PE as compared to those with isolated DVT and controls. Heterozygous FVL mutation was found to be an independent predictor of VTE regardless of the presentation. Patients with VTE have some components of genetically determined thrombophilia that are associated with loss-of-function of anticoagulant proteins or gain-of-function of procoagulants. 1 Factor V Leiden is the most frequent and well-studied genetic cause of VTE, followed by the PTG mutation. [10] [11] [12] [13] The prevalence of FVL carriage is 5% among Caucasians. This condition was documented in 20% of patients with DVT and approximately 50% of patients with familial thrombophilia. For FVL mutation, the risk of thrombosis is reported to increase 5-fold in heterozygotes and 50-fold in homozygotes. This common mutation is considered to be responsible for 20% to 25% of VTE events, with higher recurrence rates of DVT during an 8-year follow-up period.
The PTG mutation leads to an increased prothrombin production, which may amount to 30% to 70% higher levels of prothrombin in heterozygotes and homozygotes as compared to the absence of this condition. Therefore, PTG mutation is associated with nearly 3 times the higher risk of VTE. This mutation was found in 2% to 3% of western population but was reported to be rare in other regions.
14,15 Moreover, synergism appears to exist between PTG mutation and delayed activation of FVL, a substrate, and cofactor in the prothrombinase complex. [15] [16] [17] In a pooled analysis of 8 case-control studies comprising large numbers of patients and controls, the OR for VTE was 4.9 (95% CI: 4.1-5.9) with FVL mutation and 3.8 (95% CI: 3.0-4.9) with PTG mutation. Our study demonstrated that patients with VTE had a significantly higher frequency of double heterozygosity for FVL and PTG mutations, although double heterozygosity was unrelated with specific presentations of VTE.
Unlike FVL mutation that is more prevalent in Caucasian populations, the factor V HR2 haplotype was found at similar frequencies among individuals of diverse races. 18 When accompanied by FVL mutation, this condition was associated with an additional 3-to 4-fold increase in DVT risk compared with that associated with FVL mutation alone. Factor XIII has a transglutaminase activity and plays an essential role in fibrin cross-linking, resulting in an increased resistance against premature fibrinolysis. 21 The factor XIII Val34Leu polymorphism was reported to be associated with an increased VTE risk in some studies, but this association was not verified by other studies. [22] [23] [24] [25] Individuals with MTHFR variants may have slight elevations in Hcy levels, especially when folate deficiency is present. 26 The most common MTHFR allele is the C677 T (thermolabile) variant. The second most common allele, A1298C, is seen in the heterozygous state in nearly 9% to 20% of diverse ethnic groups. 27 Mild to moderate elevations in Hcy levels have been reported to be associated with VTE in young individuals and with recurrent DVT. 28, 29 A meta-analysis of 53 studies on the MTHFR 677TT genotype, which increases Hcy, suggested a 20% higher risk of DVT (95% CI: 8-32) compared to that associated with the MTHFR 677CC genotype. In contrast to the findings of nonAmerican studies, the MTHFR genotypes were found to have no effect on DVT in North America due probably to the higher intake of folate and riboflavin in this population. 29, 30 The b-chain synthesis has been shown to be a rate-limiting step in fibrinogen production, and any mutation related with the b-fibrinogen gene or its transcription may have an impact on plasma fibrinogen levels. 31 However, the association between the b-fibrinogen gene polymorphism and VTE remains controversial. 32 The overexpression of PAI-1 leads to an impairment in the activity of the fibrinolytic system, thereby increasing the risk for thrombotic events. 33 The gene for PAI-1 has several polymorphic loci, including a 4G/5G sequence polymorphism 675 base pairs from the start of the promoter, with the 4G polymorphism resulting in 25% higher levels of transcription. 34 A meta-analysis showed a significant relationship between the PAI-1 4G polymorphism and an increased risk for VTE. 35 A polymorphism (insertion/deletion; I/D allele) in the ACE gene was found to account for approximately one-third to onehalf the variance in plasma ACE levels. 36 Some interactions seem to exist between the renin-angiotensin system and fibrinolysis, and the D allele may have an association with higher levels of PAI-1 and a certain degree of hypofibrinolysis. 37 However, the relationship between the ACE I/D polymorphism and VTE risk was shown only in African American males, whereas this association remains controversial in general population or among thrombophilic patients of Caucasian origin. 38, 39 Apolipoprotein E is a plasma glycoprotein that determines the variation in plasma cholesterol levels. In comparison to the carriers of the E3/E3 allele, carriers of the E2 allele tend to have increased levels of Apo E and decreased levels of low-density lipoprotein cholesterol, whereas E4 carriers tend to have decreased levels of Apo E and increased levels of high-density lipoprotein cholesterol. 40 High plasma levels of Apo B, which results in the subendothelial retention of lipoprotein-containing Apo B, is also an important step in atherogenesis. 41 All patients with VTE, whether they have a known inherited thrombophilia, are prone to recurrent thromboses for many years after the index event. Diagnosis of genetic susceptibility to thrombophilia rarely affects the acute or long-term management of VTE, whereas the risk of recurrent VTE is increased in anticoagulant-deficient patients and in homozygotes for gainof-function mutations. 1 Recurrence is fatal in approximately 5% of patients, and in one-third of patients, it is associated with postthrombotic syndrome. 1, 42 According to the European Society of Cardiology (ESC) and the European Respiratory Society (ERS) 2014 PE guidelines, among carriers of molecular thrombophilia, patients with a lupus anticoagulant, those with a confirmed deficiency in protein C or protein S, and patients with a homozygous FVL or homozygous PTG mutation may be candidates for indefinite anticoagulant treatment after a first unprovoked VTE. 1 Notably, the term 'indefinite anticoagulation' is not synonymous with 'lifelong treatment'; it simply indicates that the duration of treatment cannot be defined at three-month follow-up after the acute event.
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1 Because of the absence of evidence for the clinical benefit of extended anticoagulant treatment for carriers of heterozygous FVL or PTG mutations, a periodical reassessment is recommended in these patients for option to withdraw anticoagulant treatment based on the dynamic balance between the risks of recurrence and bleeding. 1 Lifelong treatment is recommended for most patients with a second unprovoked DVT or PE. 1 
Study Limitations
Even though our results were derived from a case-control analysis including a large series of patients with diverse presentations of VTE and an acceptable number of healthy controls, further studies with larger patient series and multicenter design are needed to address the individual and synergistic relationships between inherited thrombophilic mutations or polymorphisms and VTE risk. The lack of comparisons between unprovoked and provoked VTE in terms of genetic susceptibility to thrombotic risk is another important limitation of this study. Moreover, our study does not propose a specific predictor for the occurrence of PE at presentation with DVT or during mid-to long-term follow-up period of anticoagulant treatment. Debate seems to continue over the impact of genetically determined thrombophilia on risk stratification and anticoagulant management planning in this setting. 
Conclusion
Our study comprising a large series of patients with VTE showed that the frequencies of FVL, PTG, and Apo E 2/4 mutations were significantly higher in patients with VTE. Other potentially thrombophilic genetic mutations or polymorphisms and Hcy levels were not related with VTE risk. Heterozygous FVL mutation was the only independent predictor of VTE. Further studies are needed to assess the importance of genetically determined thrombophilia for the risk stratification of patients with VTE and planning the duration of anticoagulant treatment. 
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